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INTRODUCTION
Liver cirrhosis is a major health burden worldwide ranking among the top ten causes of years of life lost in high-income countries [1] . More than 1000000 of deaths worldwide were reported due to cirrhosis in 2010 [2] . The number of cirrhotic patients and the related complications and mortality rates are rising [3] . Cirrhosis is the shared, end-stage result of etiologically diverse chronic liver diseases, with a different geographic distribution, which can follow an indolent course and remains asymptomatic until complications or be discovered incidentally at necropsy [4] . In other cases, asymptomatic cirrhosis is usually detected incidentally with laboratory tests or imaging studies performed for unrelated reasons [4] . Although the clinical manifestations of cirrhosis are stereotypic irrespective of its etiology, the identification of the causes is important to define specific therapeutic and surveillance strategies. 3 A substantial number of cases of cirrhosis remain of unknown origin and are therefore designated as "cryptogenic cirrhosis" (CC), which accounts for up to 30% of cases of cirrhosis and about 10% of liver transplants [5, 6] . There are no standardized diagnostic criteria for CC and it is best defined by exclusion. Nevertheless, a proportion of CC cases are deemed to result from the progression of previously unrecognized nonalcoholic steatohepatitis (NASH) [7] [8] [9] . Models of the natural history of cirrhosis are based on findings in individuals with viral or alcoholic cirrhosis [10, 11] and the outcome of CC is far less characterized than cirrhosis with a definite etiology. This is of importance given that the natural history of NASH-cirrhosis offers clues to preventing cardiometabolic risk and hepatocellular carcinoma (HCC) [12, 13] . On these grounds and given the paucity of published data, we aimed at characterizing the clinical features and long-term course of CC in a case series of Italian patients consecutively observed at two Italian tertiary liver units. To do so, the features and outcome of CC were compared with those of matched hepatitis C virus (HCV)-related cirrhosis cases.
and Child-pugh class-matched cohort of 110 patients with HCV-related cirrhosis. Diagnosis of cirrhosis was based on compatible clinical and laboratory parameters, ultrasound/endoscopic parameters and, whenever possible, on histological grounds and transient elastography. All cases of cirrhosis without a definite etiology were enrolled in the CC group. The parameters assessed were: (1) severity of liver disease at the time of first diagnosis; (2) liver decompensation during follow-up; (3) hepatocellular carcinoma (HCC); (4) orthotopic liver transplantation; and (5) death. The independent associated factors were evaluated by multiple logistic regression analysis, and survival and its determinants by the Kaplan-Meier model, log-rank test and Cox regression.
RESULTS
At the first observation, median age was 66 and 65 years and male gender was 36% and 58% for CC and HCV cirrhosis, respectively. CC showed Child-pugh class A/B/C of 47%/31%/22%, respectively. Compared to HCV cirrhosis, CC exhibited a significantly higher prevalence of metabolic syndrome (12% vs 54%, respectively), overweight/obesity, high BMI, impaired glucose tolerance, high blood pressure, dyslipidemia, hyperuricemia, cardiovascular diseases, extrahepatic cancer, and gallstones. Over a median period of 42 mo of follow-up, liver decompensation, HCC development and death for CC and HCV-related cirrhosis were 60.8%, and 54.4%, 16.7% and 17.2%, 39.2% and 30%, respectively. The median survival was 60 mo for CC. Independent predictors of death were age and Childpugh class at diagnosis. CC showed an approximately twofold higher incidence of HCC in Child-pugh class A.
MATERIALS AND METHODS
In this prospective cohort study we enrolled consecutive patients receiving for the first time a diagnosis of cirrhosis of unknown origin, defined as CC, at two Italian tertiary hepatology centers, the University of Naples and the University of Modena and Reggio Emilia, from January 2008 to June 2015. During the same period, we also enrolled, as control group, an age-and childPugh class matched cohort of patients with a diagnosis of HCV-related cirrhosis.
The diagnosis of cirrhosis was based on compatible clinic and laboratory parameters (hepatic encephalopathy, jaundice, ascites, platelet < 90000 mm 3 , albumin < 2.5 g/dL), ultrasound/endoscopic parameters (coarse-pattern, irregular liver surface, clear-cut evidence of portal hypertension such as splenomegaly and esophago-gastric varices) [5] and, whenever possible, on histological ground. In addition, in a subset of patients we performed transient elastography by Fibroscan ® as a further diagnostic support, and cutoff values of liver stiffness > 12.5 kPa were considered consistent with liver cirrhosis [14] . The criteria for the exclusion of diagnosis of CC were: cases with histological clear-cut features of fatty changes and cirrhosis with definite etiology such as, excessive alcohol consumption (defined as ≥ 30 g of alcohol per day for men and 20 g per day for women); chronic use of hepatotoxic drugs (based on medical history); HCV antibody positivity; hepatitis B surface antigen positivity; autoimmune hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis or genetic liver diseases such as hemochromatosis, alpha1-antitrypsin deficiency or Wilson's disease (based on clinical grounds, appropriate serum bio-markers or imaging findings) [15] . For HCV-related cirrhosis the diagnosis was based on the presence of serum HCV-Ab and HCV RNA.
The following outcomes were assessed: (1) severity of liver disease at the time of first diagnosis; (2) liver decompensation (i.e., at least 1 episode of ascites, encephalopathy, or variceal bleeding either at presentation or during follow-up; (3) HCC, diagnosed according to current guidelines [16] ; (4) orthotopic liver transplantation (OLT); and (5) death. At time of first diagnosis, the cirrhosis stage was assessed by ChildPugh score. Death was considered to be liver-related if resulting from liver decompensation/hepatorenal syndrome and/or spontaneous bacterial peritonitis and/or variceal bleeding and/or HCC and/or OLT complications. Survival was calculated starting from the first diagnosis of cirrhosis. Extra-hepatic malignancies and cardiovascular events, particularly the presence of coronary artery disease, were recorded. In order to address a potential source of bias, we compared the prevalence of coronary artery disease in the CC cohorts with the HCV-related cirrhosis cohort and an age-matched (1:3) pathological control [652 patients hospitalized in the same period for non-liver conditions such as chronic obstructive pulmonary disease, acute pneumonia, type 2 diabetes (T2D), renal diseases]. Past coronary artery disease was diagnosed based on clinical charts (laboratory analysis, ECG, cardiac ultrasonography, coronary angiography).
All data were collected on the basis of "a priori" codification of parameters on a computerized database which was regularly updated during follow-up. The Ethics Boards of the two participating hospitals approved the study protocol.
The main metabolic features were defined as follows: T2D from a previous diagnosis, use of antidiabetic medications, fasting glucose ≥ 126 mg/dL or HbA1c ≥ 6.5%, impaired fasting glucose (IFG) with blood glucose ≥ 100 mg/dL, central obesity with BMI ≥ 30 kg/m 2 and/or waist circumference ≥ 94 cm in men and ≥ 80 cm in women; overweight with BMI ≥ 25 kg/m 2 and < 30 kg/m 2 , high blood pressure by a previous diagnosis or blood pressure ≥ 130/85 mmHg or anti-hypertensive medications. Dyslipidemia was based on a previous diagnosis of dyslipidemia, use of lipid-lowering drugs, triglycerides ≥ 150 mg/dL, and/or serum total cholesterol ≥ 200 mg/dL, and/ or HDL < 50 mg/dL in women and < 40 mg/dL in men. According to modified IDF criteria of the AHA/ NHBLI [17] , metabolic syndrome was diagnosed in the presence of at least 3 of these metabolic risk factors: T2D/IFG, central obesity/overweight, hypertension and dyslipidemia. Hyperuricemia was defined by serum uric acid ≥ 6 mg/dL in women and ≥ 7 mg/dL in men.
Statistical analysis
Quantitative variables were expressed as mean ± SD or median (range), as appropriate, and categorical variables as percentage. Numerical variables were compared using the Mann-Whitney U test. χ
and
Fisher's exact tests were used for qualitative data when appropriate. Two-sided p values of less than 0.05 were considered statistically significant.
Multiple logistic regression analysis was performed to determine the independent determinants of outcomes variables (liver decompensation and HCC).
Overall survival was evaluated by Kaplan-Meier model. The log-rank test was used to compare overall survival and the Cox regression to identify factors associated with overall survival. Statistical tests were performed using SPSS 17.0 software (SPSS, Inc, Chicago, IL, United States).
RESULTS

Demographic, laboratory and clinical features of cirrhotic patients at time of diagnosis
Based on inclusion and exclusion criteria, 102 patients with diagnosis of CC were enrolled in this study: 70 from Naples and 32 from Modena. They account for approximately 4%-5% of all cases of cirrhosis observed in the same period in our Units (Figure 1 ).
there was a higher prevalence of male (F:M = 1:3). Among CC patients, 14.1% were ex-smokers and 15.3% were active smokers. 11.8% consumed low amount of alcohol (< 30 g of alcohol per day for men and < 20 g per day for women); similar values were observed for HCV cirrhotic patients (data not sowed).
Aminotransferases were normal or slightly elevated in CC; mean ALT values were 1.5-fold higher than cutoff levels for both men and women, whereas, they were significantly higher in HCV-related cirrhosis cases.
The majority of patients were overweight/obese (82.3%) and the mean BMI was 30.0 ± 5.7 kg/m 2 ; 70% had IFG/T2D, 55.9% had high blood pressure and 50.0% had dyslipidemia 52.9% of patients had full-blown MS. We found hyperuricemia in 29.2%, 14.4% had hypothyroidism and 58.7% had gallstones or had previously undergone cholecystectomy for gallstones. As showed in Figure 2 these metabolic conditions were significantly lesser in HCV patients.
Cholelithiasis or cholecystectomy were present in 58.7% of CC and in 24.2% of HCV cirrhosis (p < 0.01). Hypothyroidism was present in CC and HCV cirrhosis in 14.4% and 5.6% (p < 0.01), respectively. There was a history of extrahepatic tumors in 12.4% of CC patients and in 5% of HCV patients; 43.3% of patients had a positive history for cardiovascular complications,
Comparison of CC patients according to enrollment center revealed no significant differences as far as demographic, biochemical, and clinical characteristics were concerned (data not shown). Accordingly, data from these 2 cohorts were processed together. As a control group, 110 matched patients with HCV-related cirrhosis were enrolled.
The demographic, clinical, and laboratory characteristics of the studied subjects (CC and HCV cirrhosis) are summarized in Table 1 , and the prevalences of metabolic features is shown in Figure 2 Rinaldi L et al . Natural history of cryptogenic cirrhosis in the majority of cases coronary artery disease. Interestingly, the prevalence of coronary artery disease in our CC cohort was significantly higher than that found in two age-matched control groups (p = 0.002). Coronary artery disease was present in 33.3% of CC patients vs 21.6% in the cohort of HCV cirrhotic patients used as a control for liver disease vs 12.0% in a heterogeneous cohort of 652 patients hospitalized for reasons other than liver diseases [median age 66 (47-86), 48% men]. Twenty-eight patients (27.5%) had anti-HBV antibodies: 21 were HBsAb positive and 7 only HBcAb positive. All but one of these patients were serum HBV DNA negative. The HBV DNA positive patient was excluded from the study. A higher prevalence of anti-HBV-Ab was observed in the HCV cohort (42, 7%) .
At the first observation, 46.7% of patients had Child-Pugh class A cirrhosis, 31.1% were ChildPugh B and 22.2% were Child-Pugh C; 67.7% of CC had esophageal varices, a prevalence similar to that observed in HCV-related cirrhosis. Table 2 shows the metabolic characteristics of patients with CC. More than 88% of patients were overweight/obese and a full metabolic syndrome was observed in 52.9%. In patients with metabolic syndrome, higher prevalences of female, obesity and IFG or diabetes were present. A minority of patients (11.8%) was lean and without component of metabolic syndrome. The lean subgroup showed a significant lower prevalence of cardiovascular diseases than the overweight/obese patients.
Outcome observed during follow-up
The median follow-up period was of 42 mo (range 10-96 mo) for CC and 40.8 mo (range 10-95 mo) for HCV-related cirrhosis (Table 3) .
Liver decompensation: During follow up, 60.7% of patients with CC developed liver decompensation: ascites occurred in 54.9%, encephalopathy in 25.5% and esophageal variceal bleeding in 6.9% (Table 3) . A similar incidence of ascites, encephalopathy and variceal bleeding was observed in the HCV cohort ( Table  3) . A similar incidence of liver decompensation for patients with a full metabolic syndrome, those with a component of metabolic syndrome and lean.
Liver transplantation: Only 1 patient with CC and 4 (3.6%) HCV cirrhotic patients, underwent OLT ( Table  3 ). The patient with CC died after liver transplantation.
HCC development: Overall, among CC, 18 patients (17.6%) developed HCC, in 6 of them HCC and cirrhosis were diagnosed at the same time and in 12 during follow up (Table 4 ). Of the HCV cirrhotic patients, 19 (17.2%) had HCC, 4 of whom at enrollment and 15 developing during follow up ( Table 4) . The cumulative incidence of HCC developing during follow up was 3.5% per year for CC and 4.5% per year for HCV cirrhosis. The median age of patients with HCC was 73 years for CC and 72 for HCV; the male:female ratio was 1.5:1 and 3:1 for CC and HCV, respectively. The Child-Pugh classification was: A, 39%; B, 39%; C, 22% with a Child A:B/C ratio of 0.50 for CC, and A, 21%; B, 42%; C, 37% with a Child A:B/C ratio of 0.27 for HCV cirrhosis (Figure 3 ). The prevalence of HBV markers (HBsAb/HBcAb) in CC and HCV was 55.5% and 57,7%, respectively. Of the CC patients, HCC was found in 16 patients (20.5%) with one or more metabolic components, and in 2 lean patients (17%) ( Table 2) .
Survival: Death in CC and HCV cirrhosis occurred in 40 patients (39.2%) and 33 patients (30%), respectively ( Table 3 ). The vast majority of deaths in both CC and HCV cirrhosis were liver-related (Table 3) . The mortality rate for CC patients with full metabolic syndrome, with a component of metabolic syndrome and the lean was 42.5%, 36.1% and 33.3%, respectively.
The median time to death after cirrhosis detection was 26 mo for CC and 28 mo for HCV-related cirrhosis ( Table 3) .
The median survival in CC was 60 mo (95%CI: 42-78); the calculated probability of overall survival was 86%, 67% and 35% at 12, 36 and 120 mo, respectively. Table 5 shows the predictors of both cirrhosis decompensation and development of HCC. By univariate analysis, the predictors for liver decompensation were age and Child-Pugh class at the first observation, and baseline serum sodium and creatinine levels. Multivariate analysis showed that Child-Pugh class at presentation was the only independent factors associated with liver decompensation. The only predictors for HCC were baseline serum sodium and creatinine levels; hyponatremia was found to be independently associated with HCC also at multivariate analysis.
Predictors of outcome in CC:
Age and Child-Pugh class at presentation, and the baseline serum sodium and creatinine levels were the variables significantly associated with survival. Multivariate Cox regression analysis confirmed that age and Child-Pugh class at presentation were independent predictors of survival. Sex, BMI, T2D, dyslipidemia and cardiovascular complications did not emerge as significant predictors of any outcomes.
Variables significantly associated with liver-related outcomes are summarized in Table 6 . Figure 4 shows comparison of survival according to age, Child-Pugh class at presentation and baseline serum sodium and creatinine levels.
DISCUSSION
This study evaluated the features of CC and associated factors in a cohort at their first diagnosis, as well as developments during follow up. Five major characteristic were identified: (1) CC cases had a high prevalence of metabolic syndrome and oncologic/cardiovascular comorbidities; (2) CC patients without full-blown metabolic syndrome had, in a high proportion, at least one or more metabolic derangements and only a minority of patients did not have any metabolic alterations; (3) CC was associated with a poor prognosis, and with a significant occurrence of liver decompensation and HCC; (4) age, advanced liver damage and kidney impairment were predictors of liver decompensation and death in CC; and (5) a high proportion of HCC was observed in an early stage of CC.
The CC cohort was compared to age-and childPugh-matched HCV-related cirrhosis cohort. CC showed a higher prevalence of female sex, of metabolic features, of cardiovascular diseases, extrahepatic malignancy, and lower serum levels of aminotransferases. However, during follow up, there were no differences in the overall incidence of liver decompensation, development of HCC and survival. Of concern, the incidence of HCC in CC child-Pugh class A was 1.8 times higher than that observed in patients with HCV cirrhosis.
Our series recapitulates the demographic and clinical sketch of CC, a disease with a high prevalence of females in their sixties, associated with slightly elevated aminotransferases values and metabolic derangements [7] [8] [9] [18] [19] [20] . The prevalence of body weight excess and IFG/T2D in our cohort, however, ranks among the highest ever reported in a CC case series [8, 9, 18, 19, 21] . It is important to highlight that T2D often develops as complication of cirrhosis per se and, therefore, it may be argued that it results from, rather than precedes cirrhosis [22] . Nevertheless, the concurrence of either the full-blown metabolic syndrome (54%) or its individual features (in particular overweight/obesity), which are not classically found in cirrhosis due to other etiologies, and the high rate of cardiovascular co-morbidities, are in agreement Figure 4 Cumulative probability of overall survival after cirrhosis detection according to different significant predictors of mortality. A: Cumulative probability of overall survival according to age at diagnosis; P = 0.002 by log-rank test; B: Cumulative probability of overall survival according to Child Class at diagnosis; P < 0.001 by log-rank test; C: Cumulative probability of overall survival according to baseline sodium levels; P = 0.020 by log-rank test; D: Cumulative probability of overall survival according to baseline creatinine levels; P = 0.017 by log-rank test. with a primarily metabolic etiology in a substantial number of the cases of cirrhosis observed in our study. Supporting this view, nearly one-third of our patients had hyperuricemia, another cardio-metabolic risk factor associated with a higher risk of cirrhosis [23] , and with development and progression of nonalcoholic fatty liver disease (NAFLD) [24, 25] , which is more common in CC patients compared to cirrhosis due to identifiable etiologies [19] . Further suggesting a pathogenic link of NAFLD with CC, a high proportion of our patients had either hypothyroidism or gallstones/cholecystectomy, which may be additional clues to NAFLD as a predisposing factor to CC [26] [27] [28] [29] such as first suggested by Ludwig in 1980 [30] . Thus, the overall clinic-pathologic analysis of our cohort of patients at their first diagnosis of CC seems to indicate that the leading cause include previously unrecognized NAFLD.
We also found that only a small number of patients with CC (about 12% of our population) were lean and did not have any components of metabolic syndrome. These patients were characterized by an older age and lower prevalence of T2D and cardiovascular diseases and thus had different features from those of other dysmetabolic CC patients. It is not possible to clearly establish the putative underlying etiology of cirrhosis in this subset of patients, but occult alcohol consumption or viral, autoimmune or genetic factors may account for the development of CC. However, the clinical outcome such as development of ascites, HCC and death was similar for the overweight/obese patients and the HCV-related cirrhosis groups, suggesting that, irrespective of underlying mechanisms, once cirrhosis is established it follows a similar natural course.
The natural history of CC, in term of morbidity and mortality, has been explored only marginally, and with conflicting results [8, 21, 31, 32] . At variance with previous studies that had suggested a mild course of disease [31] [32] [33] [34] [35] , our cohort of CC patients had a high rate of complications of cirrhosis such as liver failure and HCC that were similar to those observed in the HCVrelated cirrhosis cases. In agreement with some of the previous studies [8, 18, 21] , such complications may arise as the inaugural manifestation of liver diseases. Of concern, we confirm that the hepatocarcinogenic potential of CC is not negligible [21, 35, 36] . Indeed, the cumulative incidence per year of HCC was 3.5%, slightly higher than those reported in two previous studies, 2.6% and 2.7%, respectively [32, 36] ; this incidence was slightly lower than that observed (4.5%) in HCV-related cirrhosis cohort. Overall, our results are in agreement with other studies [18, 37, 38] , which reported a substantial risk of HCC developing in CC.
The estimated long-term prognosis of our patients was poor; the overall median survival was of about 5 years and only one-third of patients survived at 10 years. This prognosis is much more severe than that reported for metabolic-cirrhosis [29, 34, 35] , and is in agreement with two previous studies on CC [34, 39] . Although mortality was overwhelmingly liver-related, our cohort had a high prevalence of cancer and cardiovascular diseases. The prevalence of coronary artery disease in our cohort was significantly higher than that found in two age-matched groups of patients at high cardiovascular risk owing to either traditional (T2D, kidney and lung diseases) or emerging (HCV cirrhotic patients) risk factors [40] . Finally, in our study, a single patient underwent OLT and died of complications after surgery. Owing to age and co-morbidities, patients with NASH-cirrhosis and CC are less likely to receive OLT [32] , have a high risk of NASH or cryptogenic liver disease recurrence after OLT [41] , and a higher rate of postoperative complications and mortality than other etiologies [42] . In accordance with a previous study on CC [21] , our study showed that age at presentation and severity of liver and kidney tests predicted liver failure and death. No association was found between BMI, T2D and/or other metabolic features with liver-related outcomes. This could be the result of the limited number of events and/or of the high prevalence of metabolic factors.
Of interest, was the observation that no condition predict the development of HCC and that a high proportion was observed in the early phase of cirrhosis. Previous, studies have shown consistently that HCC in NAFLD patients may develop even without cirrhosis, is diagnosed late and, therefore, has a poor prognosis [37, 38] . The role of genetic factors in the development of HCC has consistently been suggested by several studies [43] [44] [45] . Our study has a number of points of strength in that we have characterized the features of a cohort of cirrhotic patients with a previously unknown liver disease as well as the predictors of the outcomes. Considering the scarcity of published data on such population, we have reason to believe that our findings may help to identify these patients earlier, possibly before the development of cirrhosis, with the aim of preventing and rapidly treating hepatic and extrahepatic complications, thus improving survival and quality of life for these individuals.
As our study was conducted at two tertiary centers, this may have created a selection bias. In addition, it is a cohort study including previously unknown cirrhotic patients with an advanced stage of liver disease and, therefore, so the natural history of CC might not have been faithfully characterized. Moreover, this study specifically identifies risk factors and natural history of CC in the center and south of Italy and our findings may not apply to other ethnicities or geographical area. Finally, the number of patients may be relatively too small to identify all predictors of the outcome. However, we highlight that the size of our cohort was not inferior to those previously published case-series on CC [8, 21, 31, 32] .
In conclusion, the data of this study confirm that CC likely results from the progression of unrecognised NASH in a large proportion of cases; hence it may be better defined as "metabolic cirrhosis" in most cases. The subset of lean patients with CC, however, may suggest non-metabolic risk factors, and this group therefore deserves further investigation. The predictors of hepatic complications and death in patients with CC are similar to those of cirrhosis due to HCV. Patients with CC have a high risk of developing severe liver complications and a poor prognosis owing to liver-related death and cardiovascular and oncologic co-morbidities. The risk of HCC developing in CC, even in the early phase, is not negligible, and thus warrants the setting up of surveillance programs for early detection of NAFLD-NASH in patients with dysmetabolic features.
COMMENTS
Background
Cryptogenic cirrhosis (CC) are often incidentally discovered or diagnosed in the late stage, are poor characterized as well as natural history is not well known.
Research frontiers
CC have a high clinical impact considering that account for up to 30% of cases of cirrhosis and about 10% of liver transplantsand thus, there is a need to know their characteristics and outcomes. This study investigated the clinical features at first diagnosis, the outcomes and associated conditions of CC.
Innovations and breakthroughs
The results showed that CC are associated with metabolic features, poor prognosis, hepatocellular carcinoma (HCC) development in early stage, cardiovascular diseases and extrahepatic cancer risk. The data suggest an etiologic role of undiagnosed nonalcoholic fatty liver disease in a high percentage of cases of CC.
Applications
The data are utilizing in the clinical setting to propose screening strategies for early detection of liver impairment in dysmetabolic subjects and early screening for HCC.
Terminology
CC is cirrhosis of unknown etiology, in particular with no history of alcoholism or previous infective hepatitis. At present, in a large proportion of cases, CC may be best-defined "metabolic cirrhosis".
Peer-review
